Background: The issue of patient volume related to trauma outcomes is still under debate. This study aimed to investigate the relationship between number of severely injured patients treated and mortality in German trauma hospitals. 
Introduction
The relationship between hospital volume and trauma outcomes is under debate, with several cut-offs proposed 1 -6 . Centralization and creation of trauma systems and centres are based on a perceived volume-outcome benefit, but the exact number of patients and their corresponding severity of injury are not clear across studies 1 -6 . The American College of Surgeons (ACS) Committee on Trauma requires a minimum of 1200 patient admissions for level I trauma centres; 240 (20⋅0 per cent) of these are supposed to have an Injury Severity Score (ISS) of at least Trauma centres in Germany are divided into three categories: level I, II and III. The essential function of local trauma centres (level III) is the nationwide care of the most common moderate injuries. These centres also serve as the first point of contact for patients who have suffered a major trauma, especially when primary transportation to a regional or supraregional trauma centre is not possible. Certain quality standards for infrastructure and procedure must be fulfilled. Regional trauma centres (level II) are responsible for comprehensive emergency and definitive care of the severely injured. Their requirements include the constant presence of specialists with advanced training in special trauma surgery. Supraregional trauma centres (level I) have specific tasks and responsibilities in the care of multiply injured patients, especially those with exceptionally complex or rare injury patterns 20 . This study assessed whether the requirement for a clearly defined patient volume has any effect on mortality of patients with severe injuries (ISS at least 16). The potential impact of annual hospital patient volume on survival was investigated. It was hypothesized that a high patient volume has a positive impact on survival.
Methods
The study received full approval from the ethics committee of the medical faculty of Technical University Munich, Germany (project number 431/14). The present study is in line with the publication guidelines of the TraumaRegister DGU ® (ID number 2013-065) and adhered to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) recommendations for cohort studies 21 .
Data collection -TraumaRegister DGU ®
In 1993, a working group on polytrauma started TraumaRegister DGU ® . Since then multicentre data on patients with polytrauma have been collected prospectively in the participating countries, including Germany, Austria, Switzerland and China among several others. Specific information is gathered relating to the medical treatment of patients who have experienced major trauma, such as treatment in the intensive care unit (ICU) or the trauma room. The data are entered into a web-based server. The organization of documentation is provided by the Academy for Trauma Surgery (AUC -Akademie der Unfallchirurgie, Berlin, Germany), a company affiliated to the German Trauma Society, whereas the scientific leadership is provided by the Committee on Emergency Medicine, Intensive Care and Trauma Management (Section NIS) of the German Trauma Society. Participating hospitals are supposed to record data from patients admitted to hospital via the emergency room with subsequent ICU treatment, or patients who reach hospital with vital signs and die before ICU treatment. The register includes parameters such as ISS, injury pattern, co-morbidities, laboratory findings and diagnostic or epidemiological data. Since 2009, hospitals participating in the German trauma network (TraumaNetzwerk DGU ® ) have been obliged to record their data in the TraumaRegister DGU ® 20, 22, 23 .
Patients
In this retrospective multicentre cohort study, mortality was analysed according to the mean number of patients treated in one hospital per year (patient volume). The analysis included German patients who were admitted to hospital between 2009 and 2013 with severe injuries, defined as an ISS of at least 16, and had data available for calculation of Revised Injury Severity Classification (RISC) II score 22, 24 .
Exclusion criteria
Patients who were transferred in or out early (within the first 48 h) were excluded because Revised Injury Severity Classification (RISC) II score and outcome respectively are not available for these patients.
For each trauma centre a mean number of patients per year was calculated. Any hospital year since 2009 with a difference of more than 50 per cent between the reported annual number of severely injured patients and the mean number of severely injured patients was excluded; only the specific year in which such deviation occurred was excluded. For example, it is possible that a hospital documented a mean of 43 procedures per year from 2009 to 2013. If this hospital reported only seven procedures in 2010, the patients treated at this hospital in 2010 were excluded. This was done because there is a high risk of bias owing to under-reporting (case completeness questionable).
Revised Injury Severity Classification II
The TraumaRegister DGU ® used the conventional RISC score for outcome adjustment from 2003. However, some limitations of this score became apparent with time. It used ten different variables for prediction, which made it difficult to provide complete data for all patients. The percentage of patients with an available RISC prognosis repeatedly fell below the desired rate of 90 per cent. Thus, a considerable number of patients could not be included in comparative analyses. Furthermore, RISC was developed with data from 1993 to 2000, which led to an overestimation of risk of death in recent years. Since 2006, the observed mortality rate has been about 2 per cent below the predicted rate 24 .
Therefore, a new scoring system was developed: the updated RISC-II score. It consists of the following variables: worst and second worst injury, head injury, age, sex, pupil reactivity and size, preinjury health status, blood pressure, acidosis (base deficit), coagulation, haemoglobin and cardiopulmonary resuscitation. Missing values were included as a separate category for each variable. RISC-II outperformed the original RISC score in the development (30 866 patients from 2010 and 2011) and validation (21 918 patients from 2012) data sets. Discrimination, precision and calibration improved significantly. For example, the area under the receiver operating characteristic (ROC) curve was 0⋅953 (discrimination), precision was high (11⋅0 per cent predicted versus 10⋅7 per cent observed mortality) and calibration was 38⋅3 per cent (Hosmer-Lemeshow goodness-of-fit statistic) 24 . In summary, RISC-II is one of the most precise scores for risk of death prediction in severely injured patients.
Statistical analysis
Six subgroups were formed based on the annual number of patients in the interval 2009-2013. The groups were not formed on the basis of the mean number of patients over the whole period. Thus a particular hospital could be in the category '30-49' in one year and '50-69' in another. Outcome analysis was done by calculating the RISC-II score for the standardized mortality ratio (SMR; observed/expected mortality). Hospital mortality was the primary endpoint. A multivariable logistic regression analysis with survival as dependent variable was performed. The independent predictors were RISC-II score (continuous), number of patients per year (continuous) and hospital level of care (categorical) 25 . The significance level was set at P = 0⋅050. SPSS ® version 22 was used (IBM, Ehningen, Germany). Values in parentheses are percentages unless indicated otherwise.
Results
Some 39 289 of 103 335 injured patients met the inclusion criteria ( Fig. 1) . Patients with an ISS lower than 16 were excluded (53 251), as well as those who were transferred in (5883) or out within 48 h (3878). Furthermore, trauma centres with a difference of more than 50 per cent between their reported annual number of patients and mean number of patients since 2009 were excluded (760).
The main characteristics of the investigated patients are summarized in Table 1 ; further details are provided in Table  S1 (supporting information). Mean(s.d.) age was 49⋅9(21⋅8) years, 71⋅3 per cent (27 824) were male, the mean(s.d.) ISS was 27⋅2(11⋅6) and 95⋅8 per cent (35 684) had blunt injuries. Some 16⋅9 per cent of the patients (5880) were in shock at the scene and 29⋅2 per cent (10 826) had a Glasgow Coma Scale score below 8. Most of the patients (36 138) were admitted to the ICU. There were no relevant differences between low-and high-volume hospitals with regard to age, sex and mechanism of injury.
Of the 587 hospitals, 98 were level I, 235 level II and 254 level III trauma centres ( Table 2 ). The mean number of patients with major trauma treated per year was 58⋅0 in level I, 15⋅6 in level II and 3⋅3 in level III hospitals. Level I hospitals provided medical care for 24 945 (63⋅5 per cent) of the 39 289 patients, level II hospitals for 12 184 (31⋅0 per cent) and level III hospitals for 2160 (5⋅5 per cent). Most of the level III hospitals did not treat more than 20 of these injured patients per year, whereas most level II hospitals did not treat more than 40 patients per year. Level I hospitals usually treated more than 40 patients with major trauma injuries per year.
Outcome analysis
Outcome data regarding overall mortality rate, RISC-II prognosis and SMR are shown in Table 3 . Differences between observed and expected mortality within the subgroups are shown in Fig. 2 . In hospitals with fewer than 100 patients per year, the observed hospital mortality rate was 0⋅2 to 1⋅0 per cent higher than the expected mortality.
In the subgroups with 40-59, 60-79 or 80-99 patients per year, there was no significant difference between observed and expected mortality. In the subgroups with 1-19 and 20-39 patients per year, the SMRs and the lower end of the 95 per cent c.i. were above 1, meaning that the observed mortality in these groups was significantly greater than the predicted mortality. In the group with 100 or more patients per year, the observed mortality was −0⋅2 per cent lower than predicted (SMR less than 1).
In logistic regression analysis including RISC-II score and patient volume (model 1), patient volume as a continuous variable was identified as an independent and significant positive predictor of survival (odds ratio 1⋅001 per patient per year; P = 0⋅005) ( Table 4) . The model suggests, in theory, that for a hospital with 50 severely injured patients per year (odds ratio 1.001 50 = 1.05) the chance to survive is increased by 5 per cent for any given patient compared with a hospital with only one severely injured patient per year. Further, for a hospital with 100 severely injured patients per year (odds ratio 1.001 100 = 1.11) the chance to survive is increased by 11 per cent compared with a hospital with one such patient per year within this model. When hospital level was added (model 2), patient volume remained a stable and robust positive predictor of survival (odds ratio 1⋅001 per patient per year; P = 0⋅038) ( Table S2 , supporting information). The effect of patient volume seemed to be more pronounced than hospital level, which was not significant in this model (P ≥ 0⋅475).
Discussion
In this study, an increasing hospital volume of severely injured patients was an independent, significant and positive predictor of survival. Although a clear cut-off value could not be established, it appears that at least 40 patients per year per hospital might be enough to improve survival. High-volume hospitals had an absolute difference between observed and predicted mortality, suggesting a survival benefit of about 1 per cent compared with low-volume hospitals. In rural districts, local level III trauma centres provide primarily life-saving trauma care. This study demonstrated appropriate outcomes achieved by such hospitals.
Several recently published studies 1 -6 have addressed the issue of a clearly defined patient volume for American trauma centres. In a systematic review 7 , a large number of studies between 1976 and 2013 were investigated for any correlation between patient volume and mortality 8 -19,26,27 . In this summary of the North American literature, the correlation between patient volume and mortality was not proven. Only five studies 14, 16, 17, 19, 26 regarded patient volume per hospital as a positive indicator of mortality; the others did not report such a correlation. Another study 27 found that patient volumes exceeding 1000 per year were associated with a disadvantage in survival (inclusion criteria ISS over 15). In the latter study, mid-volume hospitals treating between 500 and 1000 patients per year had the best survival rates; beyond the threshold value, survival rates declined 27 . The depletion of resources could be the reason for this. However, one other study 8 did not confirm this effect.
Limitations of the review by Caputo and colleagues 7 include the discrepancy between the methods of analysis, data sources, patient group composition and definition of the number of patients. Furthermore, the inclusion and exclusion criteria within the examined abstracts varied considerably. The limited number of patients and the mismatch between the registers used make it difficult to draw general recommendations. The impact of patients' age, ISS and status of hospital transfer was unclear. In addition, the study focused on American trauma centres 14, 16, 17, 19, 26 so that conclusions regarding general validity are not possible.
Nathens and colleagues 16 showed that patients with severe penetrating abdominal injuries and shock benefit most from treatment in trauma centres with more than 650 severely injured patients per year. Most of the patients (90 per cent) with similar injury patterns, but without shock, would not benefit from treatment at such trauma centres.
Another study 10 investigated the effect of the ACS trauma centre designation and trauma volume on outcomes among patients with specific severe injuries. Data from the National Trauma Data Bank were used. Inclusion criteria were patients older than 14 years with an ISS above 15 who were still alive on admission to hospital. The authors adjusted the results for age, sex, mechanism of injury, ISS and hypotension on admission. Level I trauma centres had significantly lower mortality and significantly lower rates of severe disability at discharge than level II centres. The study showed a difference between level I and II centres for specific injury complexes, but no difference between high-and low-volume centres. The volume of trauma admissions with an ISS above 15 did not have any effect on outcome in hospitals of both levels. Level I trauma centres had better outcomes, especially for specific injuries associated with high mortality rates 10 .
The issue of patient volume has been debated by the German Trauma Society in the context of the trauma centre accreditation. The trauma centres are divided into three categories -supraregional, regional and local -according to their resources. Participating in the TraumaNetzwerk DGU ® , each trauma centre has to fulfil clearly defined standards for structure, process and outcome quality, as well as criteria for expertise and capacity 20 .
On the other hand, the German Statutory Accident Insurance (DGUV) specifies requirements for hospital approval to treat patients with severe and moderate occupational trauma, so-called SAV or VAV accreditation respectively. To provide a high quality of trauma care, this regulatory authority clearly specifies numbers of operations (250 pelvic or spinal operations per year for severe trauma). A large number of structural characteristics are defined exactly, such as the provision of a trauma room of at least 50 m 2 or 24 h availability of CT.
Variation in mortality between ACS-verified and state-designated level I and level II centres was evaluated over a period of 16 years, in a study that included 900 274 subjects 9 and compared SMR and high-mortality outliers. Level I ACS centres had a lower SMR than state-designated level I centres: 0⋅95 (95 per cent c.i. 0⋅82 to 1⋅05) versus 1⋅02 (0⋅87 to 1⋅15) (P < 0⋅010); however, there was no difference in the number of outliers. By contrast, level II centres had similar SMRs, but state-designated level II centres had higher SMR outliers than ACS level II centres. ACS verification was an independent predictor of survival in level II centres (odds ratio 1⋅26, 95 per cent c.i. 1⋅20 to 1⋅32; P < 0⋅010), but not in level I centres (P = 0⋅84). The study concluded that level II centres especially benefited from ACS verification 9 .
In Germany, the local trauma centres provide primary life-saving trauma care, especially in rural districts. Although the number of severely injured patients per year is small, the present data indicate that these hospitals provide appropriate medical care as there was just a small difference between the expected and observed mortality of about 1 per cent. Thus, it appears that the German system of trauma networks with designated level I, level II and level III hospitals seems to work well 28, 29 .
This study has some limitations. It has a retrospective design, and its validity depends on the accuracy and availability of the medical records. Although the RISC-II score has many advantages over the previous RISC score, 274 of 40 323 patients with missing data in the TraumaRegister DGU ® had to be excluded. It remains unclear to what extent hospitals implemented the concept of advanced trauma life support and used homogeneous standards to grade injuries. Consequently, potential patient and treatment selection bias has to be considered. The study has no information about clinical confounders such as physician's expertise or availability of subspecialties including trauma surgery, neurosurgery or thoracic surgery. Furthermore, there are slight differences between subgroups, such as a lower ISS in low-volume trauma centres. However, an adjustment was made for severity based on RISC-II calculations to minimize this potential confounding effect.
Potential structural and geographical differences between the German regions could not be taken into consideration, but might have influenced the results. It is acknowledged that the findings are applicable primarily to the German system of trauma care, and that the findings show associations rather than causal relationships.
